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VI . On the Rectification of the Hyperbola by Means of Two Ellipses; 
proving that Method to be circuitous^ and such as requires much 
more Calculation than is requisite by an appropriate Theorem : 
in which Process a new Theorem for the Rectification of that 
Curve is discovered. 

To which are added some further Observations on the Rectification 
of the Hyperbola: among which the great Advantage of descend- 
ing Series over ascending Series^ in many Cases^ is clearly 
sfmwn ; and several Methods are given for computing the con-- 
stant Quantity by which those Series differ from each other. By 
the Rev. John Hellins, B.D. F. R. S. and Vicar of Potter* s-- 
Pury, in Northamptonshire. 

Being an Appendix to his former Paper on the Rectification of the 
Hyperbola^ inserted in the Philosophical Transactions for the 
Tear i8ob. Communicated by Nevil Maskelyne, D.D. F.R.S. 
Astronomer Royal. 

Read January lo, 1811. 

1. 1 HE rectification of the hyperbola by means of two el- 
lipses is one proof, among many others, of the great sagacity 
of the late Mr. John Landen, F, R.S. ; and the ingenuity which 
lie displayed on that occasion has obtained the notice and called 
forth the praises of eminent mathematicians both in this island 
and on the Continent. Yet, while the great ingenuity of the 
device is thus generally and justly allowed, this method of 
rectifying the hyperbola has always appeared to me to be 
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more curious than useful ^ as it 'is cirmitouSf md requires much 
more mkuiation than is requisite for that purpose by an appropriate 
tfmorem. ' The establishment of this truth is the mmn design 
of this .short paper; a truth which^ to my surprise, has not 
been noticed in any book that has come to my hands/^' 

s, Buts before I proceed to investigation, it seems proper to 
remark, that Mr. Landin has, in his Memoir f on the Hyper- 
bola and Ellipsis, expressed himself as if he thought that the 
difference between an hyperbolic arch and its tangent, when 
both are of an immense length, could not be computed before 
he published that work. His words at the ' beginning of the 
memoir above-mentioned, are these : ^* Some of the theolems' 
* given by mathematicians for the calculation of fluents by 
« means of elliptic and hyperbolic arcs requiring, in the appli- 
^' cation. thereof, the difference to be taken between an arc of 
^ an hyperbola and its tangent; and such difl^erence being- 
' not directly, attainable when such arc and Its tangent both 
' become Ininite, as . they will do when the whok iuent is 
« wanted, although such iuent be at the same time- inite; 
^ those theorems therefore In that case fail, _ a computation 
^■thereby being then impracticable without some faithar 
^help/* 

" The supplying that defect I considered as a point of some 
*■ i.mportance in geometry,, and therefore I earnestly wished 
^ and endeavoured to- accomplish that biisloess; my aim being 
^to ascertain, by means of such arcs as above-mentioned, the 
•' limit of the . difference between the hyperbolic arc , and its 

»"0n this occasion, no om hm betrayed more ignorance, iior. shown a greater waat 
0f candour, than the writer of Art. XII L in the Monthly- Eeview for April 1803. 
■ f This is the second in the ist Vohime of his MemmrSf priiited in the year 1-780. 
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^' tangent, whilst the point of contact is supposed to be car-- 
'' ried to an infinite distance from the vertex of the curve, 
'^ seeing that, by the help of that limit, the computation would 
'* be rendered practicable in the case wherein, without such 

help, the before-mentioned theorems fail. The result of 

my endeavours respecting that point appears in this Me« 
^^ moir: which, among other matters, contains the investiga- 
'' tion of a general theorem for finding the length of any arc 
'^ of any conic hyperbola by means of two elliptic arcs/'— 
Vol. I. p. 23 and 24. 

And towards the end of the same memoir he has expressed 
himself thus: " Mr. Maclauriisi's method of construction,''' 
j^of the elastic curve,^ '^ just now adverted to, though very 
" elegant, is not without a defect. The difference between the 
*^ hyperbolic arc and its tangent being necessary to be taken, 
" the method (for the reason mentioned at the beginning 
*^ of this Memoir) always fails when some principal point in 
" the figure is to be determined ; the said arc and its tangent 
*' then both becoming infinite, though their difference be at 
*^ the same time fiEite."' P. 36. 

3. Whoever reads the passages here quoted, and knov/s 
not what was done on the subject before Mr. Landen handled 
it, will undoubtedly conceive that he was the first person who 
solved the problem of computing the difference between the length 
of the infinite arch of an hyperbola and its asymptote. Yet the 
fact is not so. That difference may be computed, in many 
cases, by the first series given by Mr. Maclaurin in Art. 808 
of his Treatise of Fluxions^ which series admits of an easy 
transformation into another form, by which the aforesaid dif- 
ference may be computed in all cases ; or the fluent may be 



taken in a series which ■will ^-aiwajs converge; and both he 

and Mr. ^Simpson have actually produced such a -series, ■ the 
©ne in the place before referred to, and the other in Art. 435 
of his Bocirim -of Mumms. And although -this series, when 
the transverse axis of the hyperbola is much greater than the 
conjugate, will converge very slowly, yet (as I have -shown 
in the Philosophical Transactions for the year- 1798,) the value 
of it to seven, or even to ten places of ^igures Is, in all cases, 
attainable. 

As Mr- Landen had the -character of a man of great pro- 
bity, and as he has, in various parts of his writings, shewn 
a regard for the memory of the eminent .-mathematicians 
above-mentioned, I cannot account for this misrepresenta- 
tion of the -matter any other way than by supposing that, 
being old -when 'he wrote this memoir, ^and incumbered with 
much other business, his memory failed him. His just praise 
on this occasion is, that his. solution of the aforesaid problem 
is much better than -those of his contemporaries. I shall have 
occasion to speak again of this problem in my observations 
towards the end -of this paper ; but now proceed to the proof 
of the main point which I had in- view in writing it. 

.4. If the transverse axis of any conic, hyperbola be called % 
and the conjugate axis s5; and if the abscissa counted from 
the center 'on the transverse axis be called x, the cx>rrespond- 
ing ordinate jy, and the length of the -arch from the vertex to 
the ordinate H-; then, by Simpson^s Fluxions^ Art. 435, we 

have H = M££i^^, or, (putting e. = i + 66,) H = 

vc-^^-^— I) "* ^'^'^ 

^ -MDCCCXI, .., Q • 
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5. If now we put x ^= ^/i -— - y, []s]3 we shall have 

uu 

XX = " , eexx = — — , and eexx -— 1 = 1 =s 

UU 

— T'ITTj "= ITTZ ; "^^^ ^hall also have xx — 1 = ^ 1 

i-^uu im^uu I— uu 

uu , , I \ 

!«« ^ ^ I ^ uu (l^ ..^\uu 

ee ee l ■« 

s^ . =: — 1— ; and thence, by substitution. 

(I —IwM 

ee xx-^i ee—i ^ ee e*^ee ee 



(^TJTu = Jn^' ^"^ consequently 
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But, since x was put = y^( -— ~ i (see the equation num- 
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bered [^s^, we have i =: ~^— — x ^y--— — + 
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which, by reduction, becomes —^^^ — fi/ , And lastly, 

ee j 

by substituting this value of i in the equation numbered [^qI, 
2 have H =::: ^ v^ Kr^T ^ —3—12 X ^ 



ee 
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~,^ the fluxion of the arch of the hyperbola. 



6. Let us now (to simplify the expression) put g =z — and 

^ As this result diiTers from that given by Mr. Woodhouse, in p. 260 of the 
Philosophical Transactions for 1804, I have set down the process at large, that the 
intelligent reader may the more easily perceive where the truth lies. 



of the Hyperbola. 115 

assume V = z^ ^ {^T^ul i ' ^^^^ ^Y taking the fluxions on 

both sides, we shall have V= Us/\ C^^^ \ 77 —^z -x 

jL ^^^ v/(i-gs^^^) ^ Here ^ v^(~~r), the first term on the 

right hand side of the equation, is evidently the fluxion of an 
arch of an ellipsis of which the transverse semi-axis is 1, the 
eccentricity is s, and the abscissa (counted from the center) 

is u. The third term, "" ■— - ^^""'^^^ , by multiplying both 
numerator and denominator by y^ ( 1 — u uu)^ becomes 

, which (by division) is very easily resolved 



U WM«— EE UU^ 






mto -77 r — 7-. — T -4 -A.^ ^ ; so that the sum 

of the second and third terms on that side of the equation 
becomes barely ^ — • ■ , which expression is ob- 

viously = - 7(7=^)^7^^ -^ (T-^ifl^^nj^; ^ncl the 
last of these ( b being by the notation == -7 ) differs from H, 

the fluxion of the hyperbolic arch, found in the preceding Ar- 
ticle, only in that it is not multiplied by e ; or, in other words, 

|-"t 

it is = ~. Let us therefore substitute the values now found 

e 

for their equals in the above fluxioiial equation, and we shall 

nave Y ^:=:u \/\ — • — ^77— — H— 77 —% H . { ^ ) 

7. Now it is easy to perceive, from what is done in Art. 13 • 
and 14 of Landen's second Memoir^ (above referred to,) that 
the fluent of the second term on the right-hand . side of this 

equation may be found by means of the fluent of the first term^... 
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an algebraie quantity, and the arch of another ellipsis which 

is more eccentric. And as this has been done by some late 
writers on the rectification of the ellipsis,* I shall, on the pre- 
sent occasion, only state and use the result, in a notation con-^ 

venient for an arithmetical calculator. Thus, putting ^= —^^ 

i> u w'.ili* w" iiii) * i '"iiWiliiXnnH m i*! i " ■ ■ 

anci w ''::^^ " • ■ "■-"-^ — ■■ ■ -^"^-^ — — — , 

ze 

and the fluent of ^^^^^^^ = E, 



u 

nawiiiiniiuiilWHiilinii«nrliw|lri — 



^ {i-^un)-^^ {l-^iiUU) 



f l^lj^EJ!y± 2:32 'E it is certain that 



o 



Multiply this equation by 1 — gg, and write se for its equal — 
(1 «|» g^^ and it becomes 

(1— ss) F r^ 2gi^ + ^E — 3(1+0 'E. 
If we now take the fluents of the fluxions in the equation 
marked (£«) in the preceding Article, we shall have 

V= E ~ ( i~ag) F4- T*- And since all these quantities begin 

and increase together, this equation needs no correction. And 
by writing for (1*— ss) F its value found in the preceding 

equation, we have- V=r: — ^bu — E + ^(i +0 '-^"i 5 ^^^ 

thence hj reduction and transposition, H = se ^ z^ + ^ V+ e 
E — £e (i«|- 2) E'; which expression will be found to exceed 
that given (for the same purpose) by Mr. Wood house, in p. 
261 of the Philosophical Transactions for the year 1804, in 
the ratio of ^ to 1. 

* See M, Lacroix^s Traite du Calcul Differentiel et du Calcul Integrah Tome 
II. p. i8i. 
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Moreover ; since b j tlie notation in Art. 5 and 6^ s # Is .== 1 , 
and ^=zux^ we have, bj substituting these values for their 
equals in the last equation, H = sm -f- ^ (^ ^^^ -f. E) — s ( 1 4.^), 
^E^ (6) which is Lamden's theorem in a different notation. 

8« I am nom^ to prove^ that all the labour ^ of computing the 
eccentricity* and abscissa, and the arch itself, of this second 
ellipsis, and the subsequent operations of multiplication and 
siibtraction requisite in the application of it to the rectification 
of the hyperbola, is altogether needless ; since the sam& end 
may be obtained by only computing and applying the fluent 

of i^^f™^), which will require no more-' calculation than 

must be made^ to find and apply the elMptic arch denoted by 
E (of which the axis, and eccentricity, and abscissa, are given),. 
And the truth, of this will quickly appear,. For, 

Q. The fractional expression, iMi::!^ 

found above, in the equation marked {m)r (see- Art. 6.) by 
reduction to a common denominator, becomes' 

mmmmmm m m i , i ii ii mM ii i i | i« — ii » i^i niMH«iii ii i wtw mu i lim i a iw**^* g^.j^i-ta •wiBW'MiiwiPiwiii'ininniiK^^on^MMPK—ii i ■•u ■■■•mi '■«■■■■■ a .»ar«i ^J|^'",|2 — w—nw «'' iniii iii H'» i »iHMi» nn«»«ni 

i/{l— MI|)K'/(1-»-««w) V(I— IWjX v(I— iSW«) l/(l-.fsWM 

Substitute this for its equal in the aforesaid equation, and we 
have V = "J'(Y_.'[^'^y ' -f" t*- (?)• Take the fluents, denoting 

that of i^^ by G, and there will be V= es G + ~; and 

thence, by transposition- and multiplication, H = e ¥ — ^ e G. (!)• 
This theorem, as -far as I know, is new. ■ 

Here then it appears, that the rectification of the hyper- 
bola Is accomplished by means of the algebraic quantity e V, 

* When it is more conTenlent to use the conjugate semi-axis than the eccentricity, 
in the arithmetical calculation^ then that must be computed instead of the eccentricity* 
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(z=:eu \/ 1 — ' — - ^ 1 = eux.) and e x the fluent of ^/--'^— ,. And 

it is obvious to every competent judge that the arithmetical 
M^ork of computing the value of G, with any given values of 
6 and Uy will be as short and easy as the computation of the 
elliptic arch denoted by E. Yet, for the more ready compa- 
rison of the series, with each other^ which arise in taking these 
fluents, I will here set them dovvn in the Newtonian form^ 
which undoubtedly is the most convenient for arithmetical 
calculations that has yet been discovered. 

lo. E IS === ~r r^ = m ^v x : i ^—p 

V(i— ««) v(i— wm) 2 2.4 2.4.6 



.8„8 



— — ^ ? &c, ; and denoting; the fluents of -77-^— r, -77 —™ 

7i[ ^uuV ^^' ^^ ^^ ^'^ ^ ' ^^' respectively, we have 
A' = the circ. arch of which the rad. is i, and sine u. 



B' 



2 ' 



c == -_, 

— g_«»_^ 

&c. &c. And then, multiplying these quan-- 

titles by their proper factors, and placing them in due order, 
we have 

E := A' ~ ~ B' - ~ C ~ -^ D' — -^ E; &c. 

2 2.4 2.4.6 2.4.6.8 ^ 

11. G IS ^=! -™ — — ^ z=lu s/{ \—nii) X • 1 + ^ 

4/f I — 6S MM V V y 8 



^{l^tiUU ^ ^ J ^ 2 ■ 2.4 

^ £2_. «|. iizl_^ &c. Nov/, denoting the fluents of u 

v^(i — uu), uuu %/ (I'-'Uu), uM'^^(i-^7m)y &c. by A, B, C^ 

&c, respectively, we have 
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A r= area off the mid. zone of a circ. of which the rad, is i, 

and sine u. 

— I '^ 

^ ~ ————-.— , 

&c. &c. Andj multiplying these quantities by their 

proper factors, and placing them in due order, we have 

12. Now, by comparing together the fluents denoted by A^ 
and A, B' and B, C and C, &c. It is obvious that the arithme- 
tical calculation of the one will not, in any respect, be more 
difficult than that of the other ; and that A is always less than 
A', B than B^ C than C, &c. And it is evident that , each of 
the series denoted by E and G converges by the same geo- 
metrical progression, viz, g% s*, s*, &:c. So that the arithmetical 
value of any number of terms, of the latter series will always 
be nearer to the value of the whole, than the arithmetical 
value of the same number of terms of the former series will 
be to its whole. And as to transformations of the expression 

{^^ [l:zl!Jll\ ioto others, in order to obtain the fluent in series 

of swifter convergency, when the' case requires it; it is ob- 
vious that similar operations may be performed on the expres- 

sion u%/ -— , 

111 the application of E and G to the rectification of the 
hyperbola, the one is multiplied by e, the other by b, (see the 
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equations marked (€) and (1) in Art 7 and q,) which are 
operations equally "easy. 

Thus it appears^ that all the labour of computing the eccen- 
tricity ^ the absdssa^ and 'the length of the elliptic arch denoted 
by % and of applying it to the rectification of the .hyperbola^ 
is wholly unnecessary; and consequently, that that method is 
circuiious^ and more mriom than usefui.^^ 



SomefurtJier Observations m the Rectifimtion of ths Hyperbola : 

among which the great Mdvantage of descending Series over as^ 
• cending Series^ in many cases ^ u cieariy shown; and several 
Methods are given for computing the constant Qjmntityby which 
those Series differ from each other. 

'I3. The new series /above given in Art.- 11 ^ it is obvious, 
will converge swiftly so long' as ti is small in comparison of 1; 
(which it will "be when x is not much greater than 1 ;) so' that 
this .series will be -very convenient for computing a small arch 
of an hyperbola near 'the vertex, even when g is nearly = 1' : 
and, when § is small in comparison of 1 , any arch, how great 
so ever, may- easily be computed by it. But, when $ is nearly 
= 1 , and uu is greater than f, this series will converge but 
slowly; and, for that reason, v^ill not be an eligible form for 
arithmetical calculation. . In such cases, however, a swift con- 
vergeocy will take place in some of the descending series 
(discovered by .me, and) inserted in the Philosophical Trans-. 

* By comparing the expressions marked y and ^, in Article 9 of this Paper, with the 
sliort paragraph near the top of page 261 of the Philosophical Transactions for 1804^ 
the mathematical reader will quickly perceive that Mr. WoooHonsi has there as- 
serted too much. 
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.actions for 180s. And as those descending series differ from 
tlie ascending ones by a constant quantity,, (as is there shown,) 

I will now add something to "what was then said on the me- 
thods of computing the value of that constant quantity. 

14. It is very evident from what is done in the Philosophi- 
cal Transactions for 1802, from page 460 to page 4%, that 
the constant quantity here spoken of is no other than the dif- 
ference between the length of the arch of the hyperbola and 
its tangent, *' when the point of contact'' (to use Landen.^s 
words,) *' is supposed to be carried to an infinite distance from 
*' the vertex of the curve :'" *— which difference is undoubtedly 
the same as " the difference between the length of the arch 
^^ infinitely* produced and its asymptote'' — ^(as Simpson ^-f- ex- 
presses it.) And since each of these eminent mathematicians, 
and Mac Laurin also, (as I before observed,) has treated' of 
this difference, if seems requisite that I should here give a 
brief statement of their methods of computing it, and compare 
them with such of my ovvii as I offer to the public. 

15. If 1 be written instead of a, in Art. 435 of Simpson's 

Fluxions, the eccentricity will be t^ 1 -|- 66, which is denoted 
by e in this Paper ; and his dd = j~ will be = ^ == $s. Sub- 
stituting, therefore, 1 for a, and s for d, in the series by which 
he expresses the difference between the length of the asymp- 
tote and the infinite arch, it becomes 

2 * 2.2.4 2.24.4.0 • 2.2*4.4.6,6»S' 

his A being = the quadrantal arch of a circle of which the 
radius is !• 

In like manner, 1 being written instead of a, in the second 

=* See Landik'i Memoirs, Vol, It p. 23. f See his Fluxions, Att, 4JS» 

.MDCCCXK *R • . 



12S Mf\ Hellins on the Rectification 

series in Art. 808 of Mac Laurin's Fluxions, his E =: ^.|« 

will become =r= 1 4» 56^ which is = ee in the notation used in 
this paper ; and his series, 

^y^^^^,^^^^ ^^ ^.^^^^ Sec. 

(A denoting the first term, B the second, C the third, &c.) 
will become N x : — + — Vi 4 ^^~5 + — ^tIt^t^ &c. 

2e ■ 2.24^5 I 2.24.4.6^5 * 2.244.6.6.8^^^ 

which series, since — is =: g, and N denotes the quadrantal 

arch of a circle of which the radius is 1, exactly agrees with 
SiMPsoN^s series« 

And this series will be found to agree also with the value 
of sG in the equation marked (^) in Art 9, when u becomes 
s=: 1* For, in that case, eY =: ex denotes the asymptote, and 
H the infinite arch of the hyperbola; and we have, by trans- 
position, ^ j; — H = sG. And, u being == 1, A, the first term 
of the series denoted by G in Art. 1 1 , becomes = the area 
of a quadrant of a circle of which the radius is 1, that is, = 

— • : B becomes = — = ' — : L becomes == ^ =r -^ : D be- 

2 4 24 o 2.4,6 

comes = ^ = rrA^Q • ^c- ^^d these values being written for 

5 2.4.0.0 o 

A, B, C, D, &c. and the whole x g, we have sG = N x : -^ 4- 
rr: + ttttt. '^ -TTTT'^Tr^^ &^- perfectly agreeing with the 

2.2.4 • 2.2.4.4.0 " 2.2.4.4.0.0.0^ •«■ J c> c? 

series above stated. 

This series, it is obvious, will converge but slowly when e 
is not much greater, and consequently s not much less, than 1 ; 
that is when b is small in comparison of 1. But, in such cases, 
other series which have a good rate of convergency may be 
used, as was shown in my former paper on the Rectification 
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of the Hyperbola^ and will more fully appear in the following 
pages* 

Mr. Landen's methods of computing the aforesaid differ- 
ence next come under consideration : and^ firsts his method of 
computing it by means of the arches of two ellipses. 

i6e We have seen above, that, when x becomes immensely 
great, u becomes = i ; and in this case the equation (£) in 
Art. 7 becomes H = £ -f- ^^'^^ + ^E — 2 ( 1 -f- ^) ^E ; from which 
we have ^x ~ H = 2 ( 1 -f-^) 'E— eE ™ 2, another expression 
of the difference between the length of the asymptote and the 
Infinite arch: which expression, however, is not so conve- 
nient for arithmetical calculation as the preceding^ For here 
E denotes the quadrantal arch of an ellipsis of which the trans- 
verse semi-axis is 1, and the eccentricity s ; which arch is := 

2.2 2.2.4.4 2.2.4.4.6.6 2.2.4<4.6.6.8.8' 

SO that the computation of ^E = - = 



'5e5 ««-^5 ^ n r r* fj r-f 



2.2 a. 2,4,4 2.2,446.6 2.2.4,4.6.6.8,8' 

will require as much labour as the computation of eG, which 
is the very difference sought. (See the preceding Art) But, 
by this method, we have yet to compute the elliptic arch de- 
noted by 'E, of which the transverse semi-axis is 1, the eccen- 

tricity C= f^, (=f^.) and abscissa . = V ("|-)'( = x/(^ 
and then there must be a multiphcation of this quantity by s 
(1 + ^)3 and, after that, a subtraction of eE + ^ iToin the pro- 
duct, to obtain the difference sought : all which labour is more 
than is required by the method described in the preceding 
article. Here, then, we have a striking instance (and a thou- 
sand more might be produced) of the inutility of rectifying 
the hyperbola by means of two elhpses. 

R 2 
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' 'if. But Mr. Landen discovered another and a better me- 
thod of computing the difference in question^ which is brieflj 
this : 

If from C, the center of 
an hyperbola, CP be drawn 
perpendicular to DP,- a tan- 
gent to the curve in D ; and 
if the transverse semi-axis 
CA be == m^ the conjugate 
semi-axis = n^ the perpen- 
dicular CP=^; and if/ be ^ 

m 



tntn "-^nn 



put = ~7z-, and 2; == f- ; 



zm 




then will the difference between the length of the tangent 
DP, and the arch AD be universally expressed by ^ ^ — ■ the 

fluent of ^^-T—^- ^— g? , where iiis a constant quantity = the 

fluent generated while z increases from to m. 

. If now ^ be written instead of %, the above fluxion will be- 



come 



PPP 



'^.[m^n^^'zfnizp'r ^E^^^^^S witli Mac Laumm's expressioo 
of the same thing in Art. 804 and 808 of his Fluxions, where 
the transverse and conjugate semi-axes are denoted by a and 
6, respectively; and, in the latter of those articles, this expres- 

sion is resolved into :^#^;_^ |)y(^ T^> ^^^ ^ts fluent generated 

while p increases from to a, or m, is exhibted in series of 
which I have spoken in Art. 3 and 13 of this Paper. 

Mr, Landen has ,no where, that I know^ of, exhibited the 
fluent of the above fluxion in series, but in the following 

« 

manner.* Denoting the fluent of ^^^^J/f^^„^^ppy generated 

* See Ms id Memoir, Art» 5. 
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while p increases from to m, by L, (which I denote by d,) he 

says that, when the abscissa CB is =:^ k %/ii + -77 — r], 

fat which time the ordinate BD is = ;^ x v/i-tt— ^7 — r), and 

the tangent DP == ^/{mm 4- ^?0)? ^^^^^ L, (or <^,) is = 2 DP 

— 2 AD »}. ;^ — ^{^mm + /z;^) := n 4- ^\mm -^nn)--*^ KD^ 
18. Now, in order to compare this method with those of 

Mac Laurin and Simpson which have been described . above^ 

we may proceed thus : j(^p}f^^ (which, for the sake 
of brevity in a subsequent use of the fluent, I denote by q>,) is 

m^ {nn-^pp) ' ^ zmm *^ z.j^m^ ^ 2.4.6m^ "^ 2.4.6.8m^' * ' 

it is also 



PPP X • 1 ~ -^ ^ -^ — ^'^^^ + 357# 

?ty^{m?n--'pp) ' 2nn "^ 2.4^'^ 2„^.6n^ ' 24.6. 8?t^' 



^ • -^ 2mt ^' 2.4«^ 2.4.6/1^ ^ 24.6.8««^ ^^'* ^ 

the one series proceeding by the powders of -^, the other by 



the powers of — ; which geometrical progressions, assisted by 

numeral coefficients, it is obvious, will have place also in the 
fluents as they are exhibited here below. Thus, 

*' 6 

The fluents of -j^^^-— --r-^^^ m^^rri^^ &c. being de- 

^/{nn^pp)^ %/{nn+pp)^ ^/{nn-\-ppy o 

noted by A, B, C, &c, respectively, we shall have 



A 

2 



B 



^^ p^Vi^^-i-pP)"^ 3/m A 

4 ' 

(^ -_« p^%/{nn-^ pp)'^ Snn B 



n — . P'^V{nn-hpp )-7^nC 
T^ __ p^%/{nn-^pp)'^ gnn D 



&C. &C. 
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and hence. 

And the fluents of -~^^'Tr\^ -77~^"~7IT? -// - ^ - ..v, &c. bein^^ 
denoted by K, B', C, &c. respectively, we shall have 



A' 



P 

mm X cir. arch of which rad. is i and sine —.^psJUnm-^pp] 



ni l* ii ii K ii mi 

z 



^ ^ ^mmA'^p^'\/{mm^pp) 

pi^ ^mmW^ p^y^(mm^pp) 



D' 



jmmC — ^^ sj{mm ^pp ) 

I — I ■ . 1 III I m ill.. '■ ' 'I !■ w 

8 ' 



E, gmmD' — p^\/(mm — pp) 

lO ^ 

and hence^ 

^^ ^ = i- X • A'— — B'+ -^ C — -^--;^ D'4« -li:!-- F' c^r 

-^ • ?? — ^ X • ^ 2«n ^ > 2.4W^ ^ 24.6^^ "^ ^ 2.4.6.8«s' ^ ^ ^^' 

Each of these series begins and increases v^dth p ; so that 
neither of them needs any correction. 

19. Two series being thus obtained as expressions of the 

general value of the fluent of ^^^^^;;^^^^ (denoted by 

(p^) the next thing to be done is, to ascertain the rate of conver-- 

p'encv of each when the abscissa CB is s:^ m 4/r 1 4» r~^ — \ 

Now to this value of the abscissa CB^ the corresponding value 
of the perpendicular CP =^ (as appears from the equations in 

Art. 17,) is = m\/{~--r-'~ — -J. We therefore have, in this 

pp n 1 PP f>tm T, , ^ 

case, -^^ = -—77 — 1 — \5 ^nd -^-^ = — r — tt—, — r, which are 

' mm n-\-\/{mm-\'nny nn nn-\n^(mm-\-nny 

the respective rates of convergency of the geometrical pro-^ 
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gressions which (assisted by numeral coefficients) will have 
place in the first and second series given in the preceding 
article. 

20. It is now easy to compare these rates of conver- 
gency with that which has place in the series in Art, 15, thus : 
Putting 1 instead of m^ and h instead of n^ the rates are these, 
viz. 

In 1st Series, In 2d Series. In Art. 15. 

b I I 

T^^(r^My bb'\-b^{iJ^bby irhbb" 

And writing i, 2, 3, &c, successively instead of 6^ we have 

1 I I 

2 I I 



2-f v'S ' 4+2V5 ' 5 ' 

3 I I 



3 + Vio' 9 + 3^10' lo' 

&c. &c. &c* 

In all which cases it is evident, that the calculation by the 
series given in Art. 15 will, on a doublfe account of simplicity, 
be much easier than by the second series in the preceding 
Art. notwithstanding its greater rate of convergency. 

Let us now write — , — , — , &c. successively instead of b. 

234 

and we shall have the following rates 

In 1st Series. In 2d Series. In Art. 15. 

I 4 4 

I 9 9 



I 16 16 

i + Vi/' i + \/i7' ^' 

CX<iy, OCv. occ» 

Here the great advantage of the first series given in the 
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preceding Art,o¥er that which was discovered by Mac Laurim 
and Simpson appears; and we see that Landen* had good 
grounds for valuing his method, or, to express myself better^ 

one of his methods of solving the Problem which I have now 
under consideration^ although it cannot be truly said that he 
finished his work, 

21. If Indeed the hyperbola were equilateral^ then^ n being 

= m, the fluxional expression ^——^tl^, , ■■,.. .^. becomes = 



,12. 



_..._ PPP ^-PJP ^.. I H i J£l. I. MP' ^^ . 

and we have 

And taking p == friV[^^^^^^^^^, which, in this case, is 

'= m y (- ," • : ' r I ^ we shall have ^ = ^ (_ !_.] ^3:^ »-i~., the 

rate of 'convergency of the geometrical progression' which will 
have place- in this series'; and this rate of convergency, toge- 
ther with the simplicity of the numeral coefficients, will render 
this series eligible for numerical calculation in preference to 
either of the other series. 

22. The fluent of -;^-_-^^-_^^, when p = m 

^ («+V(mm +««))' ^^^"g obtained in converging series, whatever 
be the ratio of »? to i^ ; let this particular value of it be denoted 
by O, (to distinguish it from the general value denoted hy (p,) 
and substituted in the general equation <^— <p = DP — AD, in 
Art. 17, and we shall have ^ — $ = DP — AD; and this value 
of DP — AD being substituted for it in the particular equation 
t, = flf = 2DP — 2AD + n — V {mm -j- nn), in the same 
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Article (in which equation DP= t/(mm+;m),) we have^ = 

ltd — 2€> 4" ^ — \/{mm 4* ^^)> ^^d hence L = <^= 2<I> 4 
s/{mm "^ nn) — n^ which is the difFerence^ or quantity 
sought 

23. I come now to make a comparison of Mr, Landen's 
last mentioned method of computing the difference in question 
with some of my own methods. 

We have already seen m Art 20, that, when the conjugate 
axis of the hyperbola is greater than the transverse, Landen's 
method is not wanted, since the operation by the old series 
will, in general, be easier. The comparison therefore, now 
to be made, is only in cases when the conjugate axis is equal 
to, or less than, the transverse axis. 

It appears from Art 9, ii, and 17 of this Paper, that, when 

^isput= 1, and ^ is taken =;^t/(i + ^(^^^;,,,) )> the value 
of SB uu IS — — r-^-TT^ — x5 the powers of which fraction form 

the geometrical progression which will have place in the series 
denoted by G, from which H, or the arch AD is quickly ob- 
tained. And, with these values of m and x, we have, by Art 

IQ, ^rrr— -— ?-- — r, the powers of which fraction form the 

geometrical progression which will have place in the series 
denoted by $. When n is taken = 1 , the former of these 
algebraic fractions is = -—jz^ the latter is = --7^. As the 

one fraction increases with n, and the other decreases, it is 
easy to find that value of n which shall make them equal, viz. 
/i=:|v^(— 2 + 1/20)=: 0786, &c. ; and, with this value of 

#, each of these fractions is = '^^—^ == 0*381966, &c. Thus 
it appears, that, n having any value greater than f \/( — ^ 2 + 

MDCCCXI. S 
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v^3o),the fractioii- ,—-~— ^'^ ;- ; ; ■ will be less than «— ^— — 

and less than 0'38i966; and consequently that the hyperbolic 
arch AD mav be more easily obtained from the series denoted 
by G5 in Art. 11, than by either of those denoted by (p in Art. 
18. And hence we may derive another expresssion of the 
value of 4 ^^ the following manner. 

24. Since uu is universally = ^^ -^ (see equation [gj in 
Art. 5j where e denotes the eccentricity ;) by putting xx = 1 
+ ——^ 3,nd writins; 1 + ^^ instead o^ ee, we shall have 

UU = . \ / — .? and ss ^^^ =r: — = — — ; — — — — -, Let the 

value of G, corresponding to these values ofu and ^, be de- 
noted by r; then, by the equation (I) in Art. 9, the hyper- 
bolic arch AD = H, is =1 ^V •— bT. But^ since V was put = ux^ 
(see Art. 5 and 6,) it will in this case be = 1. Writing there- 
fore ^ — gr for AD, and 1 for m, in the equation at the end 
of Art. ly, we have J =: ;^ + V { 1 -^ nn) — 2e •^ qbF = qbV 
«4- # — v^( 1 -f- nn). [^tj3 

It now appear s^ that ^/ the dii%renee between the length 
of an infinite arch of an hyperbola and its tangent, or asymp- 
tote, may be computed by means of one series converging 
swifter than the powers of ^-^ even in the most disadvantage- 
ous case ; so that a dozen terms of it vv'ill be sufficient for all 
common uses : but, that a series of such convergency was 
attainable in this case, appears not to have been observed by 
either of the writers before mentioned. 

25. If the transverse and conjugate semi-axes of an hyper- 
bola are denoted by a and i, respectively, the ordinate hy y^ 
and the arch by %; and if -^/(aa + 1)? the eccentricity, be 
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put = e^ and if -^ be written instead of j/, in Theorems IL and 
IV. in pages 453 and 454 of the Philos. Trans, for 1802 ; then, 
(as appears by pages 466 and 467 of the sariie Vol.) the cor« 
responding value of % may be obtained from either of the 
following equations, viz. 

1. % = A — fB + -^C---^D+ ^ E, &c. 

2 < 2.4 2.4.6 ' 2.4.6.8 ' 

in the first of which equations 



e ^(1 4-g)^ — . A 

C — e ^(i4-^)^—3B 

'^l^ 1 1 . I n n i II I I 11—1—— 

6?e ' 



D 



E 



e ^(i+e)^— 5C 



&C. &C. 



in the second, 

A' 

B' 
Q! 



H.,L. (1/1 4"^) — V^)% 

— «?V[-j + i) ^ A' 






-^vf— + I) -- 7D' 
E' — I g "^ 

8 * 

^C« &C« 

S s 
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Now, since s/{ i + e) ~ V^ is = j r^ J^rrr^ f if ^ ^^ put = 

H.L. (t/^-j-\/(i+^))> ^^d if the values of A, B, C, &c. and 
of A^ B', C, &c. be taken in terms of ^ and /, and written for 
them in the above two equations, we shall have 



2^ 



•r+7x(-^ + -^n + 



2.4^1 2.24e4/ 2.2.4e3 



I /""■"" , ■ / 3 I 3 S'3 \ ■ 3*3^ 

■"X" ^r 1 """j""" ^ X I " * " ' " "T^ " ■ '■■'« .1. ..■■in ." Ill ■ ■ ■ ■'■ ■ j mAm mr i m i 1 1 . m i ' i w i. * , 

' U.4.6.?! 2.4.4.661 2.2.4.4.6et/ 2.z.44-6e5 

- v/r+7 X f— ^^ 4- -i:^, ^5:i__. . — 3:M,s — \ . . ., i-^-^-ii 

\ 2.4.6,8^2 2,4.6.6. Set 2.4.4,6.6.86! 2.2.4.4,6,6.8e¥ / 2.2.4.4.6.6.86^ 

&c. acc. 

T « mill I I im' I !!■ Y 



+ V x-^-e X 



20 
I 



5. 2. 2. /I /"J 



2.2.4eS 2.2.4* 



— V^l + g X ( ^—7 ^? \ — 3-3^ 

\2.4.4.6«l' 2,2.4,4.6el/ 2.2.4.4.6e5 

+ V'r+7 X f ^-^^—^ ^i L. 3-3-S-5 \ __ 3-3-5-S^ 

\2.4.6.6.8el 2.4.4.6.6.8<rV "^ 2.2.4.4.6.6.8e¥ / 2.2.4.4.6.6.86^ 

Here, on the right-hand side of both these equations, the 
diagonal hnes of quantities in which / enters, and the perpen- 
dicular cokimns which have the common factor V i + e, the 
first column of the first equation, and the first term of the 
second excepted, are exactly alike, but under contrary signs; 
so that, hy taking the sum on each side, we have 

r 

S % -j- a = < ze% 2.4^2" 2.4,6^^ 2.4.6,84i 

■mm 
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The right-hand side of this equation, hy multiplying hoth 
numerators and denominators by el^ becomes els/i-^ e y.\i 

+ — 1 ^. — --^■ro-*4.5 &c. which is t= ei s/ \ + ^ 

X ^^1+ — = V^i + ^ X V 1-^ e = 1 + ^« Hence we have 

^ = 1 -j- ^ _ 2%, which is the very equation at the end of 
Art. 17, obtained by Landen's method, the difference being 
only in the notation. 

It appears by this result, that the constant difference between 
the values of the ascending and descending series, here denoted 
by d^ is equal to the difference between the lengths of the in- 
finite arch and its tangent, as was observed in Art. 14, and 
may be briefly proved thus : by the notation specified at the 
beginning of this Art. and the property of the curve, as 1 : e 
: : jy : ry, the length of a line drawn parallel to the asymptote 
from the extremity of the ordinate to the transverse axis ; 
which line,, when y becomes immensely great, will coincide 
with the tangent drawn from the same point, and will be equal 
to the corresponding portion of the asymptote. And it ap- 
pears by Art. ig of my former Paper on the Rectification of 
the Hyperbola, (see Philos. Trans, for 1802, p. 461,) that the 
cerresponding arch of the hyperbola, ^, is = ^3/ — d. We 
therefore have, in this case, d == the asymptote — -the infinite 
arch. 

26. Thus is Lan den's best theorem respecting the rectifi- 
cation of the hyperbola obtained by the common application 
of Sir Isaac Newton's doctrine of infinite series. And I fur- 
ther observe, in transitu, that Fagnani's theorem, respecting 
tlie rectification of the ellipsis, is attainable in the same easy 
manner. These devices are indeed very ingenious ; but their 
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utility appears to me to be much less than has been imagined^ 
It has been represented even in these Transactions^ for the 
year 1804, p. 236; that Fagnani's theorem is necessary to 
the investigation of Eulek's series for computing the length 
of a quadrantal arch of an ellipsis ; yet^ the fact is, that Fag- 
NANi^s theorem is no more requisite on that occasion than 
Landen^s theorem is in the investigation of a similar series 
for computing the difference between the lengths of an infinite 
arch of an hyperbola and its asymptote, which will be given 
in this Paper. 

27« It appears by inspecting the values of % and % -{- ^^ ex- 
hibited in terms of e and /, in Art. 25, that when y becomes 

equal to, or greater than, ~, Theorem IV. will be more 
eligible for arithmetical calculation than Theorem II. It is 
obvious also, from the same article, that no more than one of 
those values need be computed in order to obtain the value 
of d. Putting, therefore, ^ for the value of % corresponding 

\y e -j- ee 

]+ ±A'_--L-B' + --V5C', &c. 

L « 2tf 2.4^5 I 2.4 6^5 > 

(A', B', C, &c. being as there specified,) we have ^= S — d; 
and this value being written for ^in the equation <^= 1 + ^ 
•~ 2^, it becomes d'z=z\ -|-^-j-.2c/~2S; from which we have 
J = 2S — 1 — e, which is another convenient formula for com- 
puting the value of d, 

28. If the diagonal line of quantities in which / enters, either 
in the value oi z or % -^ d, before referred to, were written 
by itself, and the remaining perpendicular columns summed 
in the manner by me described in the Philos. Trans* for 1798, 
p. 548 et seq. the value of d might be obtained in a pair of 



to jy =• -7-, and S = ^ 
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series^ each of them converging by the powers of •— . But the 

advantage of computing by such a pair of series^ instead of 
the single one above described, is^less than might at first be 
imagined ; for, in order to have a result true to the same 
number of figures, about the same number of terms must be 
computed, whether of the single series or of the pair. Since^ 
therefore, the advantage obtained by such a transformation 
lies not in the literal powers^ it can have place only in the co-- 
efficients ; and there it may be very considerable. 

I now proceed to the investigation of a pair of series for 
computing the value of the constant quantity d, each of which 

converges by the powers of —• 

29. If the transverse and conjugate cemi-axes of an hyper- 
bola are denoted by a and 1, respectively, the ordinate by^^ 
and the corresponding arch by % ; and if the eccentricity, 

V aa + 1, be denoted by p, and 1 + eeyy be put == uu ; then^ 
as 1 have shewn in the Phiios, Trans, for 1802, p. 457^ will 

j v^^^Tqia^ + i A + ^\ B +^ C + ;^ D, &c, 

% ZZZ ^ 12 1 2.4 • 2.4.0 « 2.4.0,0 ' 

whf>rP A — ± H T V(^'' + "")-« 

wnere ix — - — ia» i-j* * 



B 



C 



D 



a It 



zaa uu zaa^ 



s/{uu 4aa) 



%/(uu-^aa) 5C 



6aa u^ 6aa* 

and d, the constant quantity to be subtracted from the series^ 
is (see p, 4,6^ of thePiiilos. Trans, for 180s, and Art. 25;) 



tg6 
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equal to the difference between the lengths of the infinite arch 
and its asymptote. 

Now, when jy = o, then ^ rr: o, and u becomes = i ; and 
the value of the series, in this case, is the value of ^; and this 
value, if the terms of the series are ranged one under another 

according to the powers of —, will stand as below, viz. ^ = 



* 



A 



2 



-,m "i«- i I I II ■ I 

2.4 6.4<2df 



3A 



2.4.2^^? 



«»6»««i I" 



S'S'SVO+aa) 



2.^.6.4.2^'^ 






3-5-3A 



2.4,6.4.2a* 






3v5 7-5-3 v/(i+^*^) 



2.4.6,8.6^^2 



2.4 6. 8. 6, 4^^^ 



2.4.6.8.6,4.2^^ 



3'5.-7 5-3A 
2.4.6,8.6.4,2a' 



wvV/» C«X'\rf'» \Jiti\^» 

Here, in the diagonal line of quantities which have the com- 
mon factor A, we find the geometrical progression --, — , -0' 

&c. so that, when a is much greater than 1, this series will 
converge very swiftly. The same progression has place also 
in the perpendicular columns of quantities which remain after 
the diagonal line is taken away; in all which columns we find 

the constant factor v 1 -^ aa. If, therefore, the sums of the 
very slowly converging numeral series 



&c. 



3 



2.4*^ 



. 3-5 
* 24.6.. 



^ 3-5 3 
a,4«6.4.2 



< ( MJP*iM I 



3-5'7 '5_. 
2.4.6.8.6.4 






3-57 



2.4,6.8.6 



S'S^7'9'7 



J- 



3'S'7-9 



2.4,6.8.10.8 



, &C. 



3.5.7.9.11.9 



2.4.6.8.10.8.6 8 2.46.8.10.12.10.8 



I oco» 



3'5>7'5'3 I 3-5 7-9 '7vS_ i 3'57'9'"'9'7 o^^^ 
2.4.6.8.6.4.2 « 2.4.6.8.10.8.6.4 » 2.4.6.8.10.12.10.8' 



are taken (and they may easily be computed by the method 
explained in the Philos. Trans, for 1798, p- 547 to 550,) and 
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denoted by the Roman letters a, b, c,^ &c. respectively, we 



ishallhave J = < 






2 2.4,2^^^1 ^ z,/^,6.^.>2a!^ 2.4,6.8*6. 4.2^^^ 

■ « » B M ifc—il B i :^ma»mmm»Mrami»i ^ \-\ f* 

+ V 1 4- ^^ X : 1 •— " --- + ~ -— tr? &C- 



The law of continuation ad infinitum is very evident in the 
first of this pair of series ; and although it is not so in the se- 
cond, still it is obvious that b is less than a^ c than b, &c. ad 
infinitum. And since the numeral p'oefiicients of each of these 
series may be expressed in decimals,. and their logarithms 
written out ready for use, an arithm.etical calculation by this 
pair of series, when a is considerably greater than 1, will be 
much easier than by either of the single series given in Art. 

But this pair of series may be transformed into another 
pair converging by the same powers of a, yet of a simpler 
form, and therefore more convenient for arithmetical calcu- 
tion. The operations *f to be performed on this occasion are 
as follows. 

30. The H. L. of (\/i 4- ^^ — ^)j which enters into the 
value of A, is = — H. L. (a -j- v 1 + a^) ; and this logarithm^ 
expressed in correct descending series, is — H. L.2^, 



aa 



+ 1^* - IT.&r-^'^- A> therefore,being = - H. L. ( l/ 1+ 

-a), is == -- -i H.L. sa, - ^3 + -i-^ _ _M_.,&c.=3 
~T(^ + 0-iii + q^- i^, &c. X being put for 



17-1- r I {-J, \j 2, 

* The values of these letters are J + | H. L. 2, ^ + ^V H. L. 2, and -^ — ^ ' 
respectively. See Philos. Trans, for 1798, p. 538. 
f See Philos. Trans, for 1798, p. 557 and 558; and for 1800, p, 87 and 88. 
MDCCCXI. T 



Ik? <j 



158 Mr. Hellins on the Rectification 

H. L. of g, and / for H. L* of a^ for the sake of brevity, and of 
facility in the comparison of the result of the present operation 
with one which is next to be made. The muhiplication of this 
series equivalent to A, by its proper factor^ may stand thu; 

i «*«^ 3 I, 3'5- 3 ' .^^ . __3*5'7'5*3 

2 2.4.2^^ " 2.4.6.4. za"^ 2.4.6.8,6,4,2^^^ 



la \ « / 2.A/23 i A.A,Aa^ A,A.6.6a^^ 



2« \ « ^ ^ 2,4^^ " 4,4.4^5 4.4.6. 6a^^ 

+ 3(A4-^) f 3 3-3 Qr 

z*^*±a^ • 3.4.4.2£i5 2.4.4.4.4^7' 

3-5-3(^+^) 3-5 -3 o^,, 

IlL'lJWinH^I I II I llllllll I Ill junii, ,|||-g|( —rni MM W— li rn iili B ■ r w m i >.n « u > iiM WI M». |iMi > ii.i|| €li i 

2.4.6.4.2^5 2.4.4.6,4.2a^' 

« 24.6.8.6.4.2^^^ ' 

The value of v i + aa also, in descending series, is a + 
r: *— riTi 4- rrVi? &c- ^^d the multipHcation of this series 
by its proper factor may be made as below : 

/£ M il i w i " II " .1 --[(t ' ii ' i'ii "! »»| "' ' ■ ■ """'" 1 1 w i n OcC 

* 2^ 2.4^^ ■ 24.6^^' 



aa • a^ ^ 



+ <— ...^ ».. — - ««L, " ■■ 1.111 cC^C« 



3. S> 1^0 

I b f ^ ^ 



^3 « 2a^ 

c 



a" 



, c^Ci 



^ I 3^ 3-5-3^ 



Now If the iseries «- — 4. — ^ ~ -..Jii^...^ gj;^^ f which m 
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found in a diagonal line^) be taken from the first of these 
products, all the coefficients of the remaining terms ( since K 
=: H. L. 2^) v/ill be known quantities; and consequently ail 
the remaining terms in each perpendicular cokiran may be 
added together^ and to their like quantities in the second pro-- 
duct ; so that the new pair of series expressing the value of d, 
will be this, viz. 

\ a ~ ~ -I- --r — --;, &C. 

< 



d"-" 



where the values of A, B, and C, are 0-4,4314718, 0-05680519, 
and 0-02 183137, respectively. The law which the coefficients 
of the logarithmic series observe is evident ; the law, which 
the coefficients (A, B, C, &c.) of the other series observe, will 

be discovered by the following process. 

31. It appears by Mac Laurin's Fluxions^ Art. 808, and by 
the Philos. Trans, for 1802, p. 463, that d = 1-57, &c. x : 

T - .— 4 + ^^^^^ ^ 2^,6:r8' &^^ ^ -^^h^^^ ^^ ^^ evident that 
the value of d depends entirely upon that of a, and that these 
two quantities must be constant or vary together. Therefore, 
supposing these quantities to vary, and taking the fluxion on 
both sides of the equation, we have 

i:= 1-57 &c.a X : a ~il! + 5±if _ ^±I±2^ 
^' 2.2 » 2.24.4 2,2.4.4.6.6^ 

This equation divided by a, and the fluxion taken again on 

both sides, making a constant, gives 

£ _ fi _ 1 «^/7 Xrr />> -'^ • V ^"^ J^ ^^'-^'^"f! 3'3^5'f 7^^ o.^ 
ii aa ^' z s 2.2.4 2,2.^,^.6^ 

Here w^e find the denominators of the fractional coefficients of 
the terms on the second side of the equation to be the very 

i 2 
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same as those in the original equation ; so that, if we can find 
herefrom another equation in which the numerators also shall 
be the same as those which were there found, we shall obtain 
an important point. Now this may easily be done as follows : 
Multiply the last equation by a^ and take the fluents, and there 
will be 

d^f^ = 1*57 &c. ^ X : — — 4- — : — ~-^, &c. 

*J a ^' 2 • 2.2.4 2.2.4.4.6' 

Divide this equation by a\ and take the fluents again, and w^e 
shall have 

'-^ a^ ^ a^^ a ^' 2 ■ 2.2.4 2.2. 4.4.6' 

%vhich is evidently = — ^. 

This new^ equation will be fitted for our purpose by taking 
the fluxion on both sides, multiplying by a\ and then taking 
the fluxions again; which operations being performed, (re- 
membering that a must still be made constant,) and the terms 
brought all to one side, and properly arranged, the result will 

be add + ( ~ — a) dd — [aa ^ 1) dzrzo, 

3s. The values of d,d, and d, are now to be taken in terms 
of the pair of series obtained in Art go, and substituted in 
the equation last found. And, although the coefficients of the 
logarithmic series, and the law which they observe adinjinitufn^ 
be already discovered, yet, for the sake of brevity, I denote 
the first, second, third, &c. of them by m^ 6, y, &c. respec- 
tively. In this notation we have 

r A , B C , D E ^ 
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The last two equations, more concisely expressed, are 

1 + 



d =z a <( 



i tiK'lasu / 
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X : 
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+ -~^, &C. 
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amS/mm ' ■ 111 111 1 ■ 111 1 ■ n ^ Av /^ 
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a' 



-f" 



7.8^ 



9.iO£ 



^5 a' • ^^ ^ 

These values of d, d, and d, being written for them in the 
equation add 4- (— — a) dd — (aa + i ) ti =: o, and the al- 
gebraic and logarithmic terms severally collected together in 

two parcels, and the whole divided by aa, we have o =:= 

E 

a^ 



•, &C. 



a — 



a 




a9 

^9E~a 



', &C. 



a^ 
a^ 



', &C, 
•, &C. 



5,6C— 117 7.8D—i5^ , 9.10E— log ^ 
34B--7C _. s.6C--iiy 7.8D— 15^ ^^^ 



4^ 
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Now, unless each of these parcels of quantities, as well as 
their sum, be universally z=^ o, this equation will be of no use 
to us. And if it can be proved, that the coefficients of the 

terms in the one series are, each of them, :r=i 0, then it will 

♦ 

follow, that each of the coefficients of the terms in the other 
series is also = 0. But each of the coefficients of the terms 

in the logarithmic series is = ; which may be proved thus : 
•when the like quantities in this .series are added together, the 
first term will vanish; and the coefficients of the second, third, 
fourth, fifth, &c, terms (without the common factor /,) will 
be s^ — 246, ~ 3.52 + 4-^y^ 5.77 — 6.8^, — 7.9J+ 8.10S, 
&c. respectively ; and the law of continuation is obvious. But 
by the law (see Art 29 and 30;) which the coefficients ^, 6, 



y, ^, &c. are knovv^n to observe, -^ is 



1:21 
8.20 



3^ 

2.4 



e, 



3.5^ 






g, &c • and therefor 



"e, 3^ 



4.67 



4.6 "" 

2.4S rrs 0, 3.56 

Oy ^."^y — O.S^ === 0, 7.9(5^ — 8.10s = 0, &c. 

The value of a^ viz. f , which was discovered in Art. 29, is 
found also in the algebraic series, as will presently appear. 
For, adding like quantities togetherj, the first term of this 
series also will vanish ; and the coefficients of the .second, third, 
fourth, fifths sixth, &c. will be as follows : 
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Goeff. of M term 1*— sc^, 

3d — ^ (3-3 — I ) B + 1.3A *— 4^ + ^^? 

4tii 4» (5.5 — 1 ) c — 3.5B 4. 8e — loy, 

5th ^ (7.7— i)D + 5.7C— 127 + 14?, 
6th -|- (9.9 — 1 ) E — 7.9D -|- 16^ — i8g, 
&c. &c. 

And, putting each of these coefficients :rs 0, (since the whole 
series is now known to be = 0,) writing 2.4 for its equal 3.3 
1, 4.6 for 5.5 ~ 1, 6,8 for 7.7 ~ 1, &c. we obtain from 



escesMI 



tmse, equations 






2.4 2 "^ 2.2- 



p -— j_*j^ B ««• *Z, «i„ JZ. 
4.6 3 » 3.4^ 

I H •' ■ iiiiiiiin M!~««»->tt» % _, iMaMat •«>»>• j|iii««a ■ » » ■ ' ■ " 

■p 7 9t\ 2„ jl ^' 

8ao 5 * 5.8' 

&C. &C. 

the law of continuation being very evident 

The value of A, which is not discovered by this process, 
was found in Art- 30, and is = f -f- H- L. 2. And the deci- 

mal values of these coefficients are as below, viz. 

A = o'443i47i8, 
B = 0*05680519, 
C = 0-02183137, 

= 0-01154452, 
E = 0*00714200, 
&c. &c. 

33, Thus^ by the common application of Sir Isaac Newtoh's 
doctrine of fluxions and infinite series, without any assistance 
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from, or regard to, Landen's theorem, we have obtained a 
pair of series for computing the value of d^ which converge 

by the powers of — , and of which we can readily find as many 

terms as we please. And, by a similar process, (as was ob- 
served in Art. 26,) may Euler's series for computing the 
quadrantal arch of an ellipsis be obtained, without any use of 
Fagnani's theorem^ or the *' tentative methods," and '^ strange 
artifices/' as Mr. Woodhouse ^ calls them, which appear in 
Euler's paper. 

34. If we look back to Art. 1 8 and £0 of this Paper, we 
shall find that^ when the transverse and conjugate semi-axes 
of an hyperbola are denoted by 1 and -j, respectively, (which 

hyperbola will be similar to that of which the semi-axes are 
a and 1,) the convergency of the first series, derived from 
Landen's theorem, will be by the powers of the fraction 




I 

a 1 I 



IMIta 



L , J.\ "" / 1 + V(«« + 0' assisted by coefficients. And 

the same rate of convergency will obtain in the series given 
in Art, 29, by putting y — ■—; for then m(, by v/hich the 
terms of that series are divided, will he = 1 -^-e, e being = 

Vaa + 1 : so that, when aa is less than i + ^^^ + i^ 
the terms of the single series will decrease swifter than the 
terms of the pair of series ; and consequently half as many 
terms of the former as the latter will give a result equally 
near the truth. The two quantities aa and i + Vaa+iare 
equal when aa =: $; and hence it appears, that the proper 
use of the pair of series above found, is, when a is considerably 

* See Philos, Trans, for 1804, p. 235, 
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greater than %/^. When a is a large number^ about as many 
terms of the single series as of the pair must be computed to 
have the results true to the same number of figures ; yet the 
operation by the pair will be by much the easiest, 

35. If both sides of the equation 

r A . B c . D e 

l^/x: — --1-^, &c» 

were divided by a^ and if — were put == 'd^ and — = b; then^ 
(since H, L, of b would be s:^ — /,) we should have 

~\ — ly,:abb~ Of 4. yh' - <J6^ &c. 
where '(i denotes the difference between the lengths of the 
infinite arch and the asymptote, (and the difference also be- 
tween the values of the ascending and descending series for 
computing the arch,) of an hyperbola of which the semi-axes 
are 1 and b, respectively, 

36. It was observed in Art. 12, that the fluxion there given, 
of an hyperbolic arch, is as capable of transformation, as that 
which has hQen comraonly used for the rectification of an 
ellipsis : so also are those which I have used in the Philos. 
Trans, for 180^5 p. 451 and 455, and from which series con- 
verging by the powers of (~t^)*> &c. may easily be obtained ; 

but to treat of such transformations is not only foreign from 
my present design, but would extend this paper to a consi- 
derable length, I shall therefore only point out, by a few 
examples, the great advantage, in many cases, of computing 
by descending series, and then conclude. 

37. Example 1, The transverse and conjugate semi-axes 

MDCCCXIe U 
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of an hyperbola are 7 and 1 , respectively ; it is required to 
find the lengths of three arches of which the three ordinates 
are lo^, 20, and go. 

Setting aside the circuitous method of rectifying the hyper- 
bola by means of two ellipses, if one was to think of coniput- 
ing these arches by means of a similar hyperbola^ and by the 
theorem (^) given in Art. g^ (which is a very useful Formula 
within the limits specified in Art. 13^) he would quickly per-- 
ceive, that the ascending series^ by which the value of G is 
obtained, would converge very slowly ; and therefore would 
make choice of some other method. Theorem IV, in ray 
former tract (see Fhilos, Trans, for 1802, p. 454,) is a very 
convenient form to be used on this occasion, and is as follows: 

Retaining the notation used in the beginning of Art, ^g^ 

ev yy «\« X 



^ 



± A - -^ B + ~Vi C ^^ D, &c. 



lA? 



here A ^^ H. L. ^iil^-^-ii-^. 



J 5 



B 









&c. &c. 

The first part of the work may be to find the value of d, 

which may easily be done by the pair of series given in Art* 
32 ; but, since a computation of it was made by two series, in 
p, 466, 4675 and 468 of the volume here referred to, the 

ascending series being = 0-6560768, the descending series 
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=2 7-43499123 and their difference, d^ = 6-7989144 ; we need, 
-onlj to -verify that work, which may easily be done by the 

Formula given in Art. sg and 27, thus : denoting the value of 
the ascending series corresponding to the ordinate — by ^, and 

the value of the descending series corresponding to the same 

♦ 

ordinate by S, we have, 

1, A . J ', ^ r= 8-0710678 

by Art. 25, ^ = i + e - s^, ' ' 

^ [-^ 1-3731536 
= 6-7989142; 

by Art. s7, d^.S^i^e,\== 14-86998.4 1 
•^ ^ 'i— 80710678] 

= 67989146; 
the difference in the last figures of the results arising from 
the inaccuracy of decimal fractions, and being wholly incon- 
isiderable. 
The rest of the work may stand as follows: whenjy is := 

10, then, (a being = 7, and = Vaa -f- 1 = s/50,) 

A = H. L. i^ilni = -» 0-09.98341, 

= -—^ —-«=: — 0-0003323, 

C = nv^^ _ 3B ^ __ 0.0000020; 

of which terms two only are wanted to obtain a result true to 
seven places of figures. Hence we have 
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_ + 

e s/yy + 1 = 71-0633530, + ^^ A = 0-0070593, 

— a' = 6-75^89144,, 

■ ■ m il iii i ii i' i ■ . 1 . 1 n i n i 'iiii i im i nr 11 » i i . iii i i n iiiniii inma 

the sum «— 6 8059737; 



2.4<r^ 



B = o'ooooooi. 



wmmnntt% n i m ii Mn i ia i immK 



sum of the posit terms 71 06335^1 ; 
rv^g. terra, & correc. ~ 68059737 ; 



the length of the first 



the difference is 64^2573784 = 
arch« 

When J = 20^ we have 

y 

zyy 2 

of which two terms the first only is sufficient to give the re- 
sult true to eight places of figures. We now have 

j« 

= 141 •5980226, 



0-0499794. 
o* 000041 5; 



1 



+ f A 



24^^ 



B 



o OOOOOOO5 



sum^ of the posit, terms 141 -59802 26 ; the siirii 
neg. term & correc. •--^ 6-8024485 ; 



0-0035341, 

6- 79% ^44. 

T-- -Tiw »lWlllirt|-M |l 

6-8024485; 



MMewMNtsMM 



the length of the se- 



H. L. i^l^^Stzl is 



the difference is 1347955741 ^ 
cond arch. 

When jy is = 30, the value of A : 

0'0333274;: and since the value of B (as appeared in the pre- 
ceding operation,) need not be computed, we have 

e Vj^^^+T ^ 212^2498528, r^ A-=s 0^0023566^ 



m eg. term an d correc. — 68012710, 
lengih of the third arch S05 ^,485818. 



.rf= 67989144; 

l ii ,inmi»n«»m««Mn— » "» -« «>««««' Wl »i « ii « i|nili" n 

sura 6* 80 1^2710; 
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It is now obvious tbat^ to obtain the length of any greater 
arch of this hyperbola^ the values of the algebraic quantity 

e \/yy ^ 1, and — A, the first term of the series, are all that 

need be computed ; for the value of ^, once found, serves for 
all. And if seven more arches of this hyperbola^ correspond- 
ing to the ordinates 40, 50, 60, &c. to 100, were to be com- 
puted/ this theorem would afford a striking instance of the 
great utility of descending series. 

38. A second example might be, to find the lengths of ten 
arches of an equilateral hyperbola, of which the semi-axis m 
1, when the ordinates are 1, 2, 3, 4, 5, 6, 7, 8, 9, and lo. 

These arches may be computed by the new theorem given 
in Art. 9, in which the value of G is always given in ascend- 
ing series; but that series, when y is much greater than tj, 
will converge very Httle faster than the powers off: where- 
as, by using the theorem given in the Philos. Trans, for i8o2^> 
p. 458, viz. 



/" 






.J L. 3 S'S 3°5'7 Q^^ 

2.3?f5 z,^.ju^ 2.4.6,iim" 2.4,6.8.15^^5* 



d^ 

(where % denotes the arch of an equilateral hyperbola of which 

the semi-axis is i:, u is = VT^-^yy.^nd-d is =5 ^0-59907,01 2;); 

the geometrical progressions which will have place in the 

series, for the respective ordinates, will be the powers of these 

I I I I I 1 I 1 I 
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^ 9 ' 8i ^ 361 ' 1089' z6qv 5329^ 9801^ 16641 * 26569 jf^ 

and »— i— . 
40401 

39. In these examples the use and advantage of descending 
series appear: more examples of their utility might be given; 
and it might easily be shown^ that there are cases in which 
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such series have the advantage, even v^hen the ascending 
series have a good rate of conver^gency. I trusty however^ 
that enough has been done^ in this Paper to satisfy all candid 
and competent judges of the matter, that the Rectification of 
the Hyperbola by means of tzvo Ellipses is more curious than tise-^ 
Jul; that the advantage of computing by descending series, 
is, in many cases, very great ; and that such series will often 
answer the end of a transformation without the trouble of 
making it. 



